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Abstract

Microseismic noise, also known as ambient seismic noise, are continuous
vibrations mostly composed of Rayleigh waves pervasively recorded in the mili
Hertz to 1 Hz frequency range. Their precise source mechanisms are under
investigations and related to atmospheric perturbations and ocean gravity
waves. Our purpose is to show the behavior of the microseismic noise recorded
in the Saint Peter and Saint Paul Archipelago (SPSPA) with respect to wind
intensity and ocean waves height in this region, between the North and South
Atlantic Ocean. We have recorded both primary microseisms (PM) 0.04 — 0.12
Hz and the secondary microseisms (SM) 0.12 — 0.4 Hz during almost four years
(2012 to 2015) and we used frequency, temporal, spatial and statistical
correlation analysis to do qualitative and quantitative analysis with respect to
wind speed intensity and significant wave height for the same periods. The
results indicate a good correlation between the PM and the SM noise in the
region particularly during the winter in the Northern Hemisphere and a poor
correlation during the summer. We have also shown that probably most of the
PM are generated in the SPSPA itself. We note that the intensity of SM
recorded in SPSPA appears to have a seasonal behavior with the summer and
winter in the Northern Hemisphere, and seems to influence the correlation
between the PM and the SM, suggesting that the sources of the PM and the SM
are not related to the same atmospheric event and from different places. PM
generation would occur near the SPSPA whilst the SM would have distant

sources towards the North Atlantic.

Key words: microseismic noise, primary microseisms, secondary microseisms,
Saint Peter and Saint Paul Archipelago, wind speed, significant wave height,

Atlantic Ocean.
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1.0 Introduction

Microseismic noise (or ambient seismic noise) is pervasive in broadband
records from few mili Hertz to about 1 Hertz. The weakest and strongest
globally observed ambient noise are the hum and the microseisms,
respectively. The Earth's hum [e.g., Suda et al., 1998; Tanimoto et al., 1998;
Roult and Crawford, 2000; Rhie and Romanowicz, 2004] comprise free
oscillations of the Earth around 4-20 mHz and are generated through infra-
gravity waves in the shallow ocean. Microseismic noise, however, is mostly
Rayleigh waves and is stronger in the 0.04 to 1 Hz frequency band. In this work

we analyze only the microseismic noise.

Microseismic noise is divided into primary microseisms (PM) and
secondary microseisms (SM). The PM (also called “single frequency peak”)
exhibit dominant frequencies of 0.04 — 0.1 Hz whilst SM (or “double frequency
peak”) have frequencies about 0.1 — 1 Hz [Longuet-Higgins, 1950; Haubrich et
al., 1963; Hasselmann, 1963; Holcomb, 1980; Webb, 1992; Bromirski and
Duennebier, 2002; Tanimoto, 2007; Webb, 2008; Schimmel et al., 2011]. The
PM have the same frequencies as the ocean gravity waves and are caused by
the interaction of ocean waves with the (sloping) sea floor [Hasselmann, 1963].
The SM are stronger signals caused by pressure oscillations through the
interference of waves with the same frequency but with opposite directions
[Longuet-Higgins, 1950; Hasselmann, 1963; Tanimoto, 2007; Ardhuin et al.,
2011; Stutzmann et al., 2012; Gualtieri et al., 2013].

The SM are the strongest noise and dominate the microseismic energy
spectrum. The SM generation areas have been observed near the coast [e.g.,
Friedrich et al., 1998; Bromirski and Duennebier, 2002; Schulte-Pelkum et al.,
2004; Rhie and Romanowicz, 2006; Gerstoft and Tanimoto, 2007; Yang and
Ritzwoller, 2008] and far from the coast in the deep ocean [e.g., Cessaro 1994,
Stehly et al., 2006; Koper and de Foy, 2008; Gerstoft et al., 2008; Kedar et al.,
2008; Obrebski et al., 2012; Obrebski et al., 2013; Gualtieri et al.,2014, Beucler
et al., 2015].
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The quantitative modeling of the SM is now possible thanks to ocean
wave modeling, hindcasts and theoretical development based on Longuet-
Higgins (1950) and normal mode summations [surface waves: Kedar et al.,
2008; Ardhuin et al.,2011; Stutzmann et al., 2012; Gualtieri et al.,2013; body
waves: Gualtieri et al.,2014]. These modeling studies show that the strongest
SM sources are in the deep ocean which is also in agreement with Longuet-
Higgins (1950). The analysis of the relationship of ocean wave spectra from
offshore and nearshore buoys with SM at ocean bottom or inland seismic
stations suggest that most of the microseisms are excited in nearshore areas
[Zopf et al., 1976; Bromirski and Duennebier, 2002]. Additionally, several
microseismic noise studies have focused on identifying their sources by
correlating their data with the significant ocean wave height (Hs) and period (Ts)
[Tindle and Murphy, 1999; Bromirski et al., 1999; Traer et al., 2012], wind speed
and storms [Bromirski, 2001; Bromirski and Duennebier, 2002; Bromirski et al.,
2005; Gerstoft et al.,, 2006; Gerstoft et al.,, 2008; Aster et al., 2010], and
seasonality [Gerstoft and Tanimoto, 2007; Stutzmann et al., 2009; Schimmel et
al., 2011; Grob et al., 2011; Reading et al., 2014].

Here, we present the analysis of microseismic noise from a broadband
station in the Saint Peter and Saint Paul Archipelago (SPSPA) (see location in
Fig. 1) and show the behavior of the microseismic noise with respect to wind
speeds and ocean waves height in this region, between the North and South
Atlantic Oceans. We focus on observing the seasonal behavior, especially of
SM, with respect to the summer and the Northern Hemisphere winter. We use
seismological, wind speed, significant wave height and peak wave period data
for the period between 2012 and 2015.

The SPSPA is located in the equatorial region of the Atlantic Ocean
(00°55.1' N, 29°20.7" W) about 1,100 km distant from the Brazilian northeastern
coast and is composed by a set of several small rocky formations (see Fig. 1)
that rises from approximately 4,000 m from the sea floor as shown in Fig. 2.
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2.0 Study area

The SPSPA has a total area of approximately 17,000 m2, a maximum
altitude above the mean sea level of 18 m.The greatest distance between the
furthermost points is around 420 m [Miguens, 1995]. The environmental
conditions for human life in the SPSPA are quite severe due to the seismic and
meteorological activities, and the lack of vegetation and potable water. In
addition, seismicity in the vicinity of the SPSPA and along the Saint Paul
Transform Fault Zone is mainly characterized by strike-slip earthquakes [Angulo
et al., 2013]. However, earthquakes with body-wave magnitude equal or greater
than 5.4 related to reverse faulting have also been reported in the last decades
[Wolfe et al., 1993]. Fig. 2A shows the bathymetry in the SPSPA and the main

fault kinematics.

Geologically speaking, the SPSPA is an outcrop of the sub-ocean mantle
and is a rare case of islet formation from a tectonic fault [Motoki et al., 2009,
2010]. The SPSPA is the emerged part of a submarine mountain chain which
has approximately 400 km2. SPSPA bathymetry (see Fig. 2) shows that this
mountain chain has an underwater landscape with crest-like elevations with a
gentle slopes towards the EW direction and a steep slope in the NS direction.
This NS direction slope lies parallel to the north side of the Saint Paul
Transform fault zone, quite close to the South-American and African Plates
divergence [Mabesoone and Coutinho, 1970; Bonatti, 1990; Hekinian et al.,
2000; Campos et al., 2010].

Despite the harsh conditions, the SPSPA is permanently occupied by the
Brazilian Navy with military and/or research staff in the existing scientific base.
Since 2012 a broadband seismic station has been operating in the SPSPA.

The SPSPA is close to the equator which makes this station unique since
it allows to relate northern and Southern Hemisphere climate perturbations
through seismic noise observed in the middle of the Atlantic Ocean. Due to the
distance from the continent and the lack of cultural noise, the SPSPA is a
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unique location for measuring microseismic noise and investigating its

relationship with wind speeds and ocean waves.

This is the first study carried out which characterizes the noise at station
SPSPA, permitting future climate monitoring studies, unbiased from

anthropogenic activities.
3.0 Data
3.1 Data from broadband seismic station

We used instrument corrected broadband seismic records
between 2012 and 2015 record from a seismic station in the SPSPA. The
vertical component data were originally sampled at 100 Hz and then decimated

to 2 Hz for spectral analysis.
3.1.1 Power Spectral Density (PSD)

For the power spectral density (PSD) estimation, we use the method by
Welch (1967). This method is standard in signal processing (e.g. Brillinger,
2001; Bendat and Piersol, 2012) and is based on the use of the classical
periodogram spectrum estimation but reducing the noise due to imperfect and
finite length data in the estimated power spectra. Fig. 3 shows the result of the
PSD for August 2012. We can identify the PM and the SM with frequency bands
of 0.04 — 0.12 Hz and 0.12 — 0.4 Hz. Additionally, the Gulf of Guinea
microseism [Shapiro et al.,2006, Yingjie Xia et al., 2013] is visible at at
frequencies of about 0.038 Hz. The hum is not seen in this figure.

3.1.2 Spectrogram

To illustrate the time frequency content of the broadband recorded
seismic data, we computed the spectrogram using the short-time Fourier
transform method from year 2012 until 2015 shown in Fig. 4a-d. The gaps in
dark blue correspond to periods without recorded data. To compute the time-
frequency representation of the data, we used the vertical component data

sampled at 2 Hz. Plotted are the daily averages of the spectra obtained from
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1024 sample long sliding data windows and 50% window overlap. We can
identify that the spectrogram for frequencies below 0.5 Hz exhibit two frequency
bands where most energy is concentrated. The first one is 0.04 — 0.12 Hz (PM)
and the second band is 0.12 — 0.4 Hz (SM). For all years analyzed the
spectrogram shows seasonal variations, i.e., approximately from June to
September the SM frequency band is narrower due to decreased amplitudes
than during other periods of the year (September to February). This seasonal
variation is not observed for the PM.

3.1.3 PM and SM spectral amplitude

We also computed the mean amplitude spectra of the broadband data.
Firstly we separated the PM and the SM by band pass two-pole filters using the
cutoff frequencies shown in Fig. 3 (PM = 0.04 — 0.12 Hz and SM = 0.12 - 0.4
Hz). The result of this procedure is to obtain two time series: one containing PM
data and a second one containing SM data. Secondly, we take the absolute
value of each of the (PM or SM) time series, then we resample the data to 1
sample/hour, remove the spikes and normalized the data by dividing each

amplitude value of the time series by its norm-2 value.

Fig. 5 shows the result of the above described procedure. The amplitude
of the PM (black line) and the SM (red line) computed for the years 2012 (a),
2013 (b), 2014 (c) and 2015 (d). The periods without data are the same as
those shown in Fig. 4. The light grey area between June and September
suggests, qualitatively, that the PM and SM mean amplitudes are not similar.
Both, PM and SM seem to have a different trend. It can be seen that during
Jun-Aug increased amplitude PM events are not accompanied by increased SM
amplitude events, which is different for what can be seen for the rest of the
months. The months marked in grey correspond to the same time of the year
when a decrease of the SM frequency range is visible in Fig. 4. This is
particularly observed in Fig. 5 (a) and (b) corresponding to 2012 and 2013,
respectively. On the other hand, it is observed that the PM and SM mean
amplitudes are nearly similar outside this period. This is especially observed in
2012 (a) about mid of September until December, in 2013 (b) from April until
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half of May and from September until December in 2014. Generally speaking,
we observe that the SM amplitudes decreases more (Jun-Aug) than PM
amplitudes — specially for 2012, 2013 and 2015. Figure 5 shows that PM has no
amplitude maximum which is not accompanied by an increase the rest of the
year, whilst during June, July and August PM maxima seem not to be correlated

or overwhelmed by SM.
3.2 Ocean wave and wind speed data

We investigate the relationship between broadband data and
environmental data such as ocean wave significant height (Hs) and wind speed
(Ws). We used hourly averaged Hs, Tp and Ws data from the model
WaveWatch 1ll (WW3) [Tolman, 2009] available from the National Center for
Environmental Prediction (NCEP) at http://polar.ncep.noaa.gov/. We have data
available from six locations as shown in Fig. 1. Locations 44141, 62002
(Northern hemisphere), 'Rio Grande' and '‘Agulhas FA' (Southern hemisphere)
are used for computing daily average of Hs along from years 2012 until 2015.
Locations 41041, 'Amazon’' and 'SPSPA' are those we use to analyze the
relationship between microseismic noise and Hs. For wind intensity maps we
show, we used the data from the National Oceanic and Atmospheric
Administration/National Climatic Data Center (NOAA/NCDC) that provides the
multi-satellite product Blended Sea Winds (BSW) which we used to obtain wind
speed. The BSW product combines several (both passive and active) remote
sensing observations via Gaussian interpolation to increase both temporal and
spatial resolution [Zhang et al., 2006]. Therefore, the wind data we had
available has a spatial resolution of 0.25deg and a temporal resolution of 6
hours. We use the same methodology used in Silva et al., 2016 to generate

wind speed maps.
3.2.1 Wave significant height

We present in Fig. 6a the annual variation of Hs for locations 44141,
62002 (Northern hemisphere), from 2012 until 2015. We present in Fig. 6b a

similar plot for the locations 'Rio Grande' and 'Agulhas FA' (Southern
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hemisphere) for the same period. In Figs. 06c-e we present the annual
variation of Hs, peak wave period (Tp) and wind intensity for locations SPSPA
for the 2012-2015 period. The thick black line in each of these plots is the 10™
order polynomial fitting of the average of each data point for the four years
available. The ideal to use such a high order polynomial is to smooth the data
and exhibit only a tendency of the data. We can observe for the daily average
along of Hs in North Atlantic (Fig. 6a) the months between June and September
are the ones that show the lowest Hs average, i.e., the period with less intense
wave heights. As for the South Atlantic (b), the months between June and
September show the highest average Hs. In Fig. 6d and 6d, we do not observe
any major variations in average Hs and Tp, respectively, in the SPSPA location.
The wind velocity shown in Fig. 6e has a gradual increase beginning
approximately mid May, reaching a plateau in July and maintaining higher

values until December.
3.2.2 Wind intensity maps

We now present in Fig. 7 the wind intensity maps (in m/s) for the years
analyzed (2012-2015). We present only January—March (left column of Fig. 7,
l.e., Figs. 7a, c, e, g) and July—September (right column of Fig. 7, i.e., Figs. 7a,
C, e, g) periods as they are representative of the winter and summer in the
northern hemisphere, respectively. Warm colors for greater wind intensity as
opposite to cold ones. We see clearly that for all years (2012 to 2015), the
months between January and March the strongest winds are in the North
Atlantic (see left column—a, c, e, g). On the other hand, for the months between
July and September the strongest winds are in the South Atlantic (see column
right—>b, d, f, h).

4.0 Results
4.1 Correlation coefficients between PM and SM

To quantify the correlation between PM and SM, we use the Pearson

Pearson correlation value (r) (Press et al., 1992) for the years 2012-2015 in
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Figure 8. High (close to one) positive values indicate that the relationship
between the variables (the PM and the SM) has the same trend. Negative
values indicate the opposite trend. Values close to zero indicate no relationship
between the variables. We computed r only for the months that had more than
50% of continuous data, and correlation confidence level equal to or more than
95%. Except for 2014, in which September had the highest r value for this year,
we can see clearly that the lowest correlation (including an anti-correlation in
June 2013) in each year are usually between June and September, indicating
poor association between the PM and the SM in these periods. In 2014,
instead, the period with the lowest value of r is for the June—August period.
This period (June—September) is the same when apparently the PM and the
SM mean amplitudes are not similar seen in (Fig. 5 light grey area) and a
decrease of the SM is seen in Fig. 4. For the remaining months, when the SM
increases (Fig. 4, we see in general, higher values of correlations indicating
good association between the PM and the SM in these periods of time. This
three-month period coincides with the one exhibiting an overall decrease in the
correlations values between the PM and the SM in each year shown in Fig. 8.
However, it is important to stress that an amplitude decrease could mean a
decrease of sea activity while the decrease of correlation between PM and SM
indicates that the PM and SM sources are not caused by the same
meteorological perturbation at the sea.

4.2 Amplitudes PM, SM and Hs

We now integrate the information from PM, SM and Hs to investigate the
influence and possible origin of the microseismic noise in the SPSP. For this
analysis as mentioned previously, we use Hs data from locations SPSP, 41041
and 'Amazon'. For the sake of clarity, we only show PM, SM and Hs data for a
few months and some locations. We have produced figures for entire four-year
period as supplemental material as Figures S1-S12. Figs. 9, 10 and 11
compares the amplitudes of the PM, SM and Hs (locations SPSP, 41041 and
'‘Amazon’) for the months of July, October and December 2012, respectively.

These months are shown because they are representative of our results. We
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use normalized data and sampling rate of one sample per hour. In Fig. 9a we
clearly see a low correlation between PM and SM in July 2012 (see July in
figure 8a, r = 0.039). Fig. 9b shows that location SPSP exhibit two maxima for
Hs which coincide with the two PM maxima (days from 6th until 12th July 2012
and 18" until 22nd July 2012 in hi-lighted in grey). Now, Fig. 9c we observe now
that the maximum in SM amplitude coincides with a maximum of Hs in location
41041 (days from 12th until 17th July 2012). Fig. 10a clearly shows a high
correlation between PM and SM in October 2012 (see October in Fig. 8a, r =
0.6). Fig. 10b compares now PM, SM and Hs in location 'Amazon’. We here,
observe a coincidence in the highest values of PM with Hs from days 9th until
16th October 2012. In Fig. 10c we also observe a coincidence of maxima
between SM and Hs for location SPSP for the same period. Fig. 11a clearly
shows a high correlation between amplitudes of the PM and the SM of
December 2012 (see December in Fig. 8a, r = 0.7). In Fig. 11b we note that the
values of PM coincide with those from location SPSP between 10th and 28th
December 2012. Fig. 11c compares the PM, SM and Hs for location 41041 but
for this case, we do not observe similarity between these data from 10th and
28th December 2012 (as we have observed in Fig. 9b for location 41041, for

instance).
Discussion of Results

According to Stutzmann et al., (2009) the strongest sources of
microseisms in the Atlantic Ocean are between January and February in the
North Atlantic and between July and August in the South Atlantic. According to
Bromirski et al., (2005) the lack of correlation between the PM and the SM is an
indicator that those signals are generated at different locations, for example at

different places due to different phenomena.

Here, we have shown that the relationship between the PM and the SM
iIs seasonal and the best correlation between them is during the Northern
Hemisphere winter (Fig. 8). During the Southern Hemisphere winter the
correlation is very low and therefore the PM and the SM probably have different

sources. This seasonality is seen by observing the narrowing of the SM
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frequency band in Fig. 4 in the period close to the summer in the Northern
Hemisphere (about June to September), when the wind intensity decreases in
the North Atlantic (see Figs. 8b, d, f and h). On the other hand, the period close
to the winter in the Northern Hemisphere (around January until March) exhibits
increased SM energy as shown in Fig. 4, and appears to be associated with
increased wind intensity in the North Atlantic (see Figs. 8a, ¢, e and g). We
reckon that wind direction is an important data that could be used as it provides
the direction of the swell that may generate PM at the coast and SM through
interference with other swell (reflected from a coast or another storm) at similar
frequency and opposite direction. However, this data was not available and this

association could not be observed.

This seasonality is displayed quantitatively in the correlation of Fig. 8.
This seasonality in SM recorded in SPSPA indicates the possibility of having
sources of the PM and the SM in different locations, especially for the months of
lowest correlation between the PM and the SM (about June until September-
see Fig. 8). This possibility is seen in the analysis of Figs 9, 10 and 11. In Fig. 9,
when there is low correlation between the PM and the SM (Fig. 9a) the PM
appear to have good relationship with the local Hs (recorded at SPSPA and
shown in Fig. 9b), and the SM appear to be well associated with Hs far from
SPSPA recorded near the location 41041 (Fig. 9¢). In Fig. 10, where there is a
high correlation between the PM and the SM (Fig. 10a), we see that both the
PM and the SM seem to have a good relation with Hs away from the SPSPA
near the 'Amazon’ location (Fig. 10b), and a smaller connection with the local
Hs at SPSPA (Fig. 10c). In Fig. 11, there is also a high correlation between the
PM and the SM (Fig. 11a), and we see that both the PM and the SM seem to
have a good relationship to Hs in the SPSPA itself, but a smaller association to
Hs near location 41041 (Fig. 11c), the same that was shown to have a good

association with SM in Fig. 9c.

Although the SPSPA is located in the equatorial region and its climate
variables (Fig. 6¢c-e) show no relationship with Hs and wind intensity in the

Northern Hemisphere, the correlation between the PM and the SM is appears to
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be controlled by the Northern Hemisphere seasonality. Probably, SM recorded
in the SPSPA are dominated by the Northern Hemisphere seasonality. During
the summer in that region, SM are generated in most cases away from the
SPSPA; during the Northern Hemisphere winter, SM generation is related to the
same swell that arrives the island to generate the PM at its coastline and which
therefore explains the increased correlation between both. Swell can travel over
large distances for a week or more which would permit to have PM and SM
sources generation far from each other, but this would also imply a systematic
time shift between PM and SM (Fig. 5), which is not observed for Northern
Hemisphere winter. Based on that and the comparison to Hs measurements we
conclude that the SM noise probably is generated close to the SPSPA itself. If
this interpretation is correct then swell reflection is likely a reason to generate

the opposed swell as required for SM generation (Ardhuin et al. 2011).

5.0 Conclusions

This study showed seasonality between microseismic noise, wind speed
and wave height in a particular region located in the center of the Atlantic
Ocean close to the Equator. The SPSPA noise recordings indicate that the
microseismic noise on the island is dominated by Northern Hemisphere climate.
It has been shown that PM and SM noise activity is correlated during Northern
Hemisphere winter, and most of the year with exception of the Southern
Hemisphere winter. No significant time shifts are observed for the correlations.
Also based on our comparisons with Hs measurements this correlation is
interpreted by an SM generation not too far from the Island where the PM noise
is generated at the coast. The opposed swell for SM generation could be due to
Island reflections. During Southern Hemisphere winter, PM and SM are not
related which we interpret as due to different climatic phenomena. The SM is
likely generated far from the Island. Further studies are required to verify these
hypotheses. The gaps in the records of seismological data somewhat limited
our quantitative and qualitative interpretations about seasonality. In addition, as

our goal was not specifically to locate sources of the PM and the SM, it is
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important to emphasize that this has limited our interpretations about the origin
of the PM and the SM recorded in the SPSPA.

The seismic station at SPSPA is probably the only seismic station near
the Mid Atlantic ridge in the equatorial area. This station is therefore unique for
very different types of seismological studies. Here, we started with a
characterization of the microseismic noise from continuous records of almost

four years.
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FIGURE CAPTIONS

Fig. 1: Location map of the SPSPA with location of the buoys used in this study,
and an aerial photo of the area. The extreme points of the SPSPA have
approximately 450 m (source of the aerial photo:

http://www.popa.com.br/ 2008/imagens/paisagens/paisagens 778.htm).

Fig. 2: (&) map showing the bathymetry of the area and the Saint Paul
Transform Fault Zone. The triangle denotes the location of the Saint Peter and
Saint Paul Archipelago (SPSPA). The lines denote the strike-slip and thrust fault
kinematics in the area. (b) 3D visualization of the bathymetry around the
SPSPA (modified from Sichel et al., 2008) showing the mountain chain with
gentle slope towards the EW direction and a strong slope in the NS directions.
The water depths around the SPSPA is around 4,000 m and the area shown
has approximately 400 km2. The vertical scale is exaggerated 12 times relative
to horizontal scale.

Fig. 3: Welch Power Spectra Density (PSD) for August 2012 in the SPSPA
showing the Primary Microseisms (PM) with frequency 0.04 — 0.12 Hz and
Secondary Microseisms (SM) with frequency 0.12 — 0.4 Hz.

Fig. 4: Spectrogram of microseismic energy distribution for the SPSPA station
for 2012 (a), 2013 (b), 2014 (c) and 2015 (d). We highlight the PM bandwidth
(0.04 — 0.12 Hz) and the SM bandwidth (0.12 — 0.4 Hz).

Fig. 5. Amplitude of the microseisms recorded at SPSP for 2012 (a), 2013 (b),
2014 (c) and 2015 (d). PM (0.04 - 0.12 Hz) in red and SM (0.12 - 0.4 Hz) in
black. The grey stripe highlights the period in which PM and SM are poorly

correlated.
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Fig. 6: Interpolation (thick black line) of the daily average along the year of
significant wave height (Hs) for two location (44141 and 62002) in the Northern
Atlantic (a) and two buoys (RIO GRANDE and AGULHAS FA) for the Southern
Atlantic (b). It also shows the daily average interpolation (thick black line) of
these four years (2012 to 2015) to Hs (c), peak wave period (d) and wind speed
(e) in the location SPSPA.

Fig. 7: Wind Intensity map (in m/s) of ocean wind along the Atlantic Ocean
(warmer colors for greater wind intensity). The left column (a, c, e, g) are for the
months of January to March (Winter in the Southern Hemisphere - showing a
greater wind intensity in the Southern Hemisphere) and the right column (b, d, f,
h) are for the months of July to September (winter in the Northern Hemisphere -
showing a greater wind intensity in the Northern Hemisphere) for the years
2012 (a, b), 2013 (c, d) 2014 (e, f) and 2015 (g, h).

Fig. 8: Pearson monthly correlation values (r) between PM and SM amplitudes
for 2012 (a), 2013 (b), 2014 (c) and 2015 (d). High (close to one) positive
values indicate that the relationship between the variables (the PM and the SM)
has the same trend. Negative values indicate the opposite trend. Values close
to zero indicate no relationship between the variables. r is computed for the
months having more than 50% of continuous data, and correlation confidence

level equal to or greater than 95%.

Fig. 9: Normalized amplitude values for July 2012. (a) Normalized amplitude for
the PM and the SM showing a poor correlation between those two variables; (b)
Normalized amplitude for the PM and the Hs in SPSP showing that the maxima
between these two variables coincides for nearly the entire month (we highlight
the period in which this coincidence appears); (c) Normalized amplitude for SM
and Hs in location 41041 (we highlight the period in which the maxima

coincide).
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Fig. 10: Normalized amplitude values for October 2012. (a) Normalized
amplitude for PM x SM showing a good correlation between those two
variables. (b) Normalized amplitude for PM x Hs in Amazon showing that the
maxima between these two variables coincides (we highlight the period in which
this coincidence appears); (c) Normalized amplitude for the PM, SM and Hs at
SPSPA (we highlight the period shown in (b).

Fig. 11: Normalized amplitude values for December 2012. (a) Normalized
amplitude for the PM and the SM showing a good correlation between those
two variables hence indicating the same source for the PM and the SM; (b)
Normalized amplitudes for the PM, the SM and the Hs at SPSP showing
showing that the maxima between these two variables coincides (we highlight
the period in which this coincidence appears); (¢) Normalized amplitudes for the
PM, the SM and the Hs at location 41041 (we highlight the period shown in

(b)).

Fig. S1-12: Supplemental figures showing PM, SM and Hs data
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Highlight of the m/s “Microseismic noise in the Saint Peter and Saint Paul Archipelago,
Equatorial Atlantic” by D. E. Queiroz et al.

* This is the first study carried out which characterizes the noise at station SPSPA,
permitting future climate monitoring studies, unbiased from anthropogenic activities;

» This study showed seasonality between microseismic noise, wind speed and wave
height in a particular region located in the center of the Atlantic Ocean close to the
Equator,;

* The SPSPA noise recordings indicate that the microseismic noise on the island is
dominated by Northern Hemisphere climate.



